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Abstract. Polymer dispersed liquid crystals are composed materials consist-
ing of micron-sized liquid crystal droplets dispersed in dielectric matrix. They
have important applications as light shutters, flexible displays, switchable win-
dows, temperature indicators, etc. In this work refractometric investigation of
cholesteric liquid crystals, dispersed by ultrasonication in a polymer matrix, are
reported. Refractiveindex measurements are performed at different wavelengths
in the visible range and the liquid crystals Rl dispersion behavior is determined.

PACS number: 42.79.Kr, 42.70.Df, 61.30.Pq, 78.20.Ci, 81.40.Tv

1 Introduction

Polymer dispersed liquid crystals (PDLC) [1-3] consist of micron-sized liquid
crystal droplets dispersed in an optically transparent polymer matrix. These lig-
uid crystal systems can be used aslight shutters, flexible displays and switchable
windows. Compact and reliable temperature indicators could be developed ap-
plying termochromic cholesteric liquid crystals, which reflect definite colors at
specific temperatures, in PDLC scattering devices — Figure 1.

In all casesof PDLCs' applicationsit’s essential to know the disperse materia’s
Refractive Index (RI) in order to predict its optical properties and to describe
propagation of light in the medium. The RI determination using conventional
methods is rather difficult because of PLCD film’s turbidity. It can be noted
that Rl measurements with conventional Abbe and Pulfrich refractometers are
not possible for samples with thickness less than 30 xm. The Method of the
Disappearing Diffraction Pattern (MDDP) [4], which belongs to the methods
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Figure 1. Cross-sectional view of ageneralized PDLC thin film device

of the critical angle, allows measurements of the local RI near the surface of
the investigated sample with a high accuracy and maximum simplicity. Another
advantage of the MDDP is the possibility of measuring samples with thickness,
comparable to the light wavelength, even in the case of dlightly scattering or
absorbing materias [5]. The dispersion behavior of the sample’s Rl in awide
spectral range can be studied using several discrete laser lines or monochromator

[6,7].

2 Experimental results

2.1 Samples preparation

Polymethylmethacrylate (PMMA), L-a-phosphatidylcholine Soy bean lecithin
(Sigma) and L C thermoindicator “Reachim” — Russia (Cr-40°C-Ch—75°C—1)

have been dissolved in chloroform in weight fractions ratio 0.34:0.04:0.62 and
mixed by an ultrasonic mixer. A PDLCsin aliquid phase as well as deposited
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Figure 2. Transmission specter of the sample with thickness 5 yum

as solid layers are investigated. The homogeneous liquid phase is obtained af-
ter mechanical stirring and sonication by UM-4 “Unitra’. Two types of solid
layers on glass substrates have been prepared for RI measurements. First is
spin-coated, the second is made by casting. Their average thicknessis5 4+ 1 um
and 20 £ 1 um, respectively. The thinner sample has good transparency in 360—
2600 nm spectral region, measured with Carry 5A spectrometer and illustrated
in Figure 2.

The turbidity of the 20 um sampleis not an impediment to Rl measurements by
MDDP. The pictures of samples, made by microscope in transmission with 100x
are shown in Figure 3.

Figure 3. Microscopic pictures of the samples with thickness: @) — 5 um and b) —
20 pm

35



Y. Sarov, T. Angelov, S. Sainov

3 Refractive index measurements

The experimental setup for measuring of the samples’ RI is shown in Figure 4.
A layer of the liquid phase (4) is situated between a glass prism (3) and a metal
diffraction grating (5). In the case of Rl measurements of a solid layer the sub-
strate and the layer are fixed between the prism and the grating by aindex match-
ing liquid. For small angles of incidence toward the prism/liquid interface, part

Figure 4. Experimental setup: 1 — laser, 2 — rotatory table with angular scale, 3 —
glass prism, 4 — investigated layer, 5 — diffraction grating, 6 — screen

of the light refracts into the liquid, reaches the grating and diffraction pattern
can be observed in reflection. If the angle of incidence is equal or beyond the
angle of total internal reflection, the light totally reflects from the liquid and all
diffraction orders have disappeared on the screen (6). The angle of incidenceis
changed and measured by the rotatory table (2) with angular scale and resolution
of 1 arc. min. The sample’s Rl is calculated according [4]

n = N sin (A + arcsin Smj\?”) (@D}

where N and A are the prism’s RI and refracting angle, respectively. The signs
“+” and “—" correspond to clockwise and anti-clockwise laser beam rotation
according to the normal position to the front prism’s wall. The measurement’s
error depends mainly of uncertainty in the determined critical angle [4]

An = N cos (A + arcsin Smj\?“) (N2 — sin? acr) e cos e Aae  (2)

The samples RI is measured with He-Ne laser (A = 633 nm) and Ar laser
(A = 488, 514.5, 646, and 676 nm). A prism, made of glass TF4 with high RI
and refracting angle A = 65° is used in the experiments. The results from the
measurements are presented in Figure 5.

36



Optical Properties of Polymer Dispersed Cholesteric Liquid Crystals

A Liquid phase

N7

- 1 A

2 e LN m layer 5um .

= - ® -layer- 20 m & 1458 R
1 e

T v T ) T T T T )
450 0 =l &0 33 N FOO 450 1.1} ot BU0 B0 100
o Aoam

Figure 5. Refractive index of: a) layers with thickness 5 and 20 ym and b) liquid phase.
The curves are the fitted dispersion dependences

The experimental points are fitted with afunction
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which corresponding to the Sellmeier dispersion equation, which are also shown
assolid curvesin Figure 5. The values of the calculated coefficients sand A, and
the average quadratic deviation o,, are presented in Table 1. The coefficients al-
low oneto determine RI for any wavelength in the definition range 488-676 nm.
The critical angle is measured with uncertainty of 5’ in the case of the liquid
phase and 10’ — for measurements of the solid layers. Thislead to an error in

the calculated RI values of 1 x 1072 and 2 x 10~3, respectively, asisindicated
inthe Figure 5 as error bars.

Table 1. Coefficientsin the Sellmeier dispersion equation

Media S )\s , m On

layer — 5 um 1.2100 126.733 1.5x10°¢
layer — 20 um 1.2098 97.845 3.8x107"
liquid phase 1.0662 111.427 7.8x10°7

4 Conclusion

This work presents a refractometric investigation of cholesteric liquid crystals,
dispersed in apolymer matrix. Two types of PDLCs areinvestigated — aliquid
phase dissolved in chloroform and solid layers of the same PDLC deposited on
glass substrates. Refractive index measurements are led in a spectral range from
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488 to 767 nm and the samples RI’s dispersion coefficients are determined. The
MDDPisused in the experiments. The method allows calculation of thelocal RI
near the surface’s surface with a high accuracy and maximum simplicity. More-
over it's applicable for investigation of absorbing and scattering media. The
measurements are not disturbed by surface gradientsin the optical constants and
sample’s roughness. The last requirements are obviously essential for correct
investigation of inhomogeneous samples as the solid layers of PDLCs.
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